Site 927 was cored during Leg 154 of the Ocean Drilling Program at a depth of 3315 m on the northeast ßank of the Ceara Rise beneath the pool of warm, nutrient-depleted waters of the western tropical Atlantic Ocean. The site was triple advanced hydraulic piston cored and a composite section was constructed by the shipboard scientiÞc party. We sampled the composite section between 23 and 43 meters composite depth (mcd) at 10-cm spacing (200 samples) and produced records of changing surface water conditions and carbonate preservation between 500 and 1000 ka (time scale of Bickert et al., Chapter 15, this volume). Our record of changing surface water conditions is based on downcore variations in the relative abundances of planktonic foraminifers examined within the context of changes in foraminifer preservation, calcium carbonate content, coarse fraction content (>63 m m), and the d
INTRODUCTION
During Leg 154 of the Ocean Drilling Program (ODP), a series of holes were successfully drilled from a tightly spaced transect of five sites on the Ceara Rise in the western equatorial Atlantic Ocean. Closely spaced, shipboard measurements of magnetic susceptibility, natural gamma emission, and color reflectance documented the complete recovery of overlapping, triple advanced hydraulic piston cored (APC) intervals at all five sites. These data were used to produce composite sedimentary sequences spanning the last 7 -8 m.y. A major thrust of post cruise research has focused on late Neogene, high resolution paleoceanographic reconstructions of deep-water circulation, the history of changes in the western tropical Atlantic surface water conditions, including carbonate production, and the history of carbonate dissolution. The two shallowest sites along the depth transect, Site 925 (water depth = 3041 m) and Site 927 (water depth = 3315 m), are well above the modern lysocline and contain relatively wellpreserved planktonic foraminifer faunas, which makes them particularly well-suited for documenting changes in surface-water conditions.
Documenting changes in surface-water conditions above the Ceara Rise is important for a number of reasons.
1. The Ceara Rise underlies surface waters that exhibit high temperatures (greater than 27°C) with little annual variability. Results from CLIMAP Project Members (1976, 1981) suggest that western tropical Atlantic surface water temperatures change little on glacial/interglacial time scales. The relatively warm western tropical Atlantic, along with similarly warm western tropical surface water masses in the Pacific and Indian Oceans, is important in modeling past atmospheric circulation. The late Pleistocene temporal stability of these warm water pools is presently being actively debated. 2. The area should be well suited for reconstructing the history of surface temperature conditions caused more by global rather than local changes in climate because it is located on the western side of the Atlantic where surface water temperature should be minimally affected by local changes in upwelling. 3. The effects of dissolution on carbonate accumulation and foraminifer fluxes in deeper sites can then be interpreted within the context of changes in carbonate accumulation and foraminifer fluxes caused by changes in surface water conditions.
Here, we focus on generating a high resolution time series of surface water and carbonate preservation variability for the middle Pleistocene (500−1000 ka) using closely spaced samples from the Site 927 composite sediment section. Of the two shallow sites, Site 927 was chosen because its middle Pleistocene to Holocene accumulation rate, at 4.3 cm/1000 yr, is no less than 25% higher than the rate at Site 925. In addition, Site 927 is in close proximity to the two deepest, presumably more dissolution sensitive sites in the depth transect (Sites 928 and 929; Fig. 1 ). The higher accumulation rate for Site 927 is due to its more northern location and closer proximity to the Amazon River mouth, which results in greater input of noncarbonate sediments to the northern flank of the Ceara Rise.
The Site 927 composite section was sampled between 23 and 43 meters composite depth (mcd) at 10-cm spacing (equivalent to around a 2300-yr sample spacing) to produce records of changing planktonic foraminifer composition, changing carbonate preservation, changing calcium carbonate and coarse fraction (>63 µm) content, and changing δ 18 O and δ 13 C content of Globigerinoides sacculifer. Specifically, these records are used to (1) document downcore variations in the relative abundances of planktonic foraminifer species; (2) document variations in foraminifer preservation using faunal dissolution indexes, calcium carbonate, and coarse fraction; (3) investigate the extent that faunal variation is related to changing surface water conditions and/or influenced by differential dissolution; (4) establish a glacial/interglacial time-stratigraphic framework for Site 927 using the G. sacculifer δ 18 O record and use the δ 18 O stratigraphy to check the top-most (last 1 m.y.) part of the chronology developed for Site 927 by Bickert et al. (Chapter 15, this volume) ; (5) use the foraminifer faunas to reconstruct changes in sea surface temperature (SST) in the western tropical Atlantic between 500 and 1000 ka using the Modern Analog Technique (Prell, 1985) ; (6) examine faunal, SST, and preservation changes in the time domain during the middle Pleistocene; and (7) preliminarily interpret downcore faunal changes in terms of changes in the hydrography of the surface water layer above the Ceara Rise.
DEPOSITIONAL SETTING
Site 927 was drilled on a 3315-m-deep plateau located on the northeastern flank of the Ceara Rise. The uppermost 312 m of the approximately 1.2-km-thick sedimentary section was continuously cored with the APC in three holes (927A, 927B, and 927C). The uppermost 152 m of the sedimentary section consists of a single lithologic unit consisting of clayey nannofossil ooze and nannofossil clay (Curry, Shackleton, Richter, et al., 1995) .
SAMPLING
A composite depth section was constructed for Site 927 using closely spaced magnetic susceptibility and color reflectance measurements from the three holes (see Curry, Shackleton, Richter, et al., 1995) . A single spliced record for coordinated sampling was subsequently assembled from aligned cores in the three holes. In all, we collected and processed 435 10-cm 3 samples at approximately 10-cm spacing over the top 43 mcd of the Site 927 splice. Here we report analyses from the 200 samples collected between 23 and 43 mcd.
SAMPLE PROCESSING AND ANALYSIS
All but a small volume of each sample was dry-weighed, disaggregated in tap water, and subsequently wet-sieved through a 63-µm screen. Dry coarse fraction (>63 µm) residues were weighed and sieved through a 150-µm screen. The >150-µm size fraction was also weighed and split in half, and aliquots of this material containing an average of 323 whole specimens of planktonic foraminifers per sample were prepared. For each sample aliquot, we recorded specimen counts of each planktonic foraminifer species and the total planktonic foraminifer fragments. Planktonic foraminifer species identifications are consistent with the taxonomy used in Cullen and Prell (1984) with the following changes.
(1) The "pachyderma-dutertrei intergrade" category has been eliminated. Specimens previously included in this artificial category are now placed in either N. dutertrei or Neogloboquadrina pachyderma (right coiling) according to a set of morphologic criteria defined while refining taxonomic categories for our Global Data Base Project (Cullen et al., unpubl. data) ; and (2) the taxonomic categories Globorotalia anfracta Parker and Globorotalia crassula (Cushman and Stewart) have been added. All taxonomic categories are listed in Table 1 .
DATA
To achieve the goals of this study, three sets of downcore data were generated: (1) relative abundance data for planktonic foraminifer species, (2) carbonate preservation data (dissolution data), and (3) stable isotope data. (All data can be found as an Appendix to this chapter on the CD-ROM, back pocket, this volume.)
Planktonic Foraminifer Faunal Data
At least one specimen from each of 33 different taxonomic categories was recorded in at least one of the 200 samples analyzed between 23 and 43 mcd of Site 927. Downcore faunas are dominated by nine species that constitute nearly 85% of the average species population. In total, 18 species have maximum relative abundances that exceed 5%. The total faunal data is statistically summarized in Table  1 . Downcore variations of important species are presented in Figure  2 .
Preservation Data
We calculated two indicators of relative carbonate preservation from the >150-µm size fraction: (1) planktonic foraminifer fragmentation expressed as percent whole foraminifers, which equals 100 × number of whole foraminifer tests / (number of whole tests + number of fragments) and (2) percent resistant species (RSP). Dissolution RSP are identified with an asterisk in Table 1 and are similar to those used in Berger (1975) and Cullen (1981) . These indicators have been widely used to assess the preservational state of calcite in a sample and to assess the extent to which the differential dissolution of foraminifer species has modified the original faunal composition of a sample (e.g., Berger et al., 1982; Cullen, 1985; Cullen and Prell, 1984; Cullen and Droxler, 1990; Chen and Farrell, 1991; Le and Shackleton, 1992) . In addition, we calculated the percent coarse fraction (>63 µm) of each sample and measured the percent calcium carbonate content of each sample using the technique described in Curry and Cullen (this volume) . Both of these variables have also been widely used as proxy indicators of relative dissolution intensity and the preservational state of deep-sea carbonate (e.g., Berger, 1970; Berger et al., 1982; Lohman, 1985, 1986; Peterson and Prell, 1985; Prell, 1989, 1991 ; and the extensive reference lists contained in these publications). Each indicator is statistically summarized in Table 2 . Downcore variations in these indicators are presented in Figure 3 .
Stable Isotope Data
The oxygen and carbon isotopic composition of sized (300−355 µm) specimens of Globigerinoides sacculifer were analyzed at 10-cm spacing over the top 43 mcd of Site 927. The analytical procedure is discussed in Curry and Cullen (this volume) . All values are reported in per million (‰) difference relative to the Peedee belemnite (PDB) standard (Craig, 1957) . The oxygen isotope data from 435 samples were used to establish a glacial/interglacial time-stratigraphic framework and to check the upper 1 m.y. section of the chronology developed by Bickert et al. (Chapter 15, this volume) . Results are presented in Figure 4 and are discussed in more detail below.
RESULTS

Isotope Stratigraphy
We compared the isotope record in Figure 4A with the composite δ 18 O record from Prell et al. (1986) and assigned isotope stages to our record down to Stage 20. Beyond that, we compared our record to the Site 607 record in Raymo et al. (1990) and have unambiguously assigned isotope stages down to interglacial Stage 27 (Fig. 4A) . Thus, we can evaluate downcore faunal and carbonate preservation records within the context of glacial/interglacial climatic cycles over the 23 to 43 mcd interval in Site 927 (from isotope Stages 13 to 28). To be consistent with other Leg 154 high resolution late Neogene studies in this volume, we use the chronology developed by Bickert et al. (Chapter 15, this volume) for Site 927 over the past 2.5 m.y. that is independent of the δ 18 O data presented here. It is a tuned time scale based on the high resolution magnetic susceptibility data from Site 927 tuned to the precessional cycle using a 2 k.y. lag for magnetic susceptibility. The 1-m.y. time series of δ 18 O variations presented in Figure 4B was generated using this chronology. The resulting ages . menardii, P. obliquiloculata, G. rubescens, and N. pachyderma (right coiling for a randomly chosen series of specific isotopic events are in excellent agreement with the ages of corresponding composite isotopic events derived from the orbitally tuned 780 k.y. δ 18 O chronology in Imbrie et al. (1984) .
Preservation
The downcore records of percent whole foraminifers, percent RSP, percent calcium carbonate, and percent coarse fraction are shown in Figure 3 . Despite the fact that all of these variables have been widely used to evaluate relative amounts of carbonate dissolution and the extent to which differential dissolution may have modified the foraminifer species composition of sediment samples (see references in "Preservation Data" section above), not all of the observed variance in each of the records will be related to carbonate dissolution/preservation. Each dissolution indicator, to varying degrees, is affected by processes not associated with dissolution. For example, even though percent carbonate and percent coarse fraction values will decrease with increasing carbonate dissolution, terrigenous dilution can also reduce their relative abundances. Percent RSP values will increase with increasing carbonate dissolution, but can also be influenced by changes in the original faunal composition of samples, as can (although to a lesser extent) percent whole foraminifers, which will nonlinearly decrease with increasing carbonate dissolution. Such non-dissolution related processes can reduce the degree of intercorrelation between the various dissolution indicators within a particular data set (see correlation matrix in Table 2 ).
To more fully evaluate the preservation data at Site 927, and to help us determine which dissolution indicator is most likely responsive to dissolution in downcore sediments at Site 927, we examined the depth distribution of percent whole foraminifers, percent RSP, and percent calcium carbonate from 14 modern surface sediment samples from the Ceara Rise ( Fig. 5 ; core top locations are shown on Fig. 1 ), as well as percent whole foraminifers and percent RSP from 118 modern surface sediment samples from the tropical Atlantic Ocean (Fig. 6 ). The tropical Atlantic plots reveal an average position for the foraminiferal lysocline (FL) between 4100 and 4200 m water depth as indicated by the abrupt increase in percent RSP and foraminifer fragmentation (expressed here as the abrupt decrease in percent whole foraminifers) at this depth level. Samples shallower than 4000 m exhibit little or no depth-related change in either preservation indicator. RSP values remain below about 30% in water depths above the FL and percent whole foraminifer values generally remain above about 70% at water depths above the FL. Note that some sediments from above the FL contain considerable fragments (Fig. 6 ). The open circles on the percent whole foraminifers plot represent shallow surface sediment samples with high fragmentation (expressed as low percent whole foraminifer values) located below the more productive waters of coastal upwelling regions or are shallow samples adjacent to continental margins (only four of these 23 samples contain >30% RSP).
The Ceara Rise percent whole foraminifers and percent CaCO 3 depth plots (Fig. 5 ) indicate a local FL at around 4200 m (within the depth interval for the mixing zone between northern-source deep water, NADW, and southern-source deep water, AABW). Samples above the FL consistently contain >80% whole foraminifers and >60% CaCO 3 . In the present-day Ceara Rise area, samples that exhibit high fragmentation (percent whole foraminifer values below 30%) do not seem to contain appreciable amounts of resistant species (<20%). Finally, there is a high linear correlation between carbonate content and percent whole foraminifers (r = +0.86) in modern Ceara Rise sediments.
Reexamination of the downcore plots of percent whole foraminifers and percent RSP reveals numerous intervals with preservation values well out of the present-day ranges exhibited above the FL in the tropical Atlantic Ocean suggesting that these intervals exhibit levels of preservation similar to present-day sediments from below the FL, despite the fact that Site 927 is nearly 1000 m above the modern local FL. The entire downcore interval exhibits carbonate values below those observed above the FL in the present-day Ceara Rise region. The average percent carbonate in several well-preserved downcore intervals (as indicated by very high percent whole foraminifer values) is highly variable, with some intervals as low as 35% carbonate and others as high as 55% carbonate. In addition, percent carbonate within any one of the well-preserved intervals exhibits ranges as high as 30%. The degree of correlation between percent whole foraminifers and percent carbonate in Site 927 sediments is considerably less (r = +0.60) than that observed in present-day Ceara Rise sedi- ments (r = +0.86); the degree of correlation between percent whole foraminifers and percent RSP in Site 927 sediments (r = −0.59) is less than that observed in present-day tropical Atlantic Ocean sediments (r = −0.70). These comparisons suggest that percent carbonate fluctuations within the 23−43 mcd depth interval are not controlled in a simple way by dissolution and that other factors such as terrigenous dilution and carbonate production may be important. Also, percent RSP variations at Site 927 do not seem to be strongly controlled by changes in preservation as recorded by percent whole foraminifers. These observations suggest that Site 927 downcore changes in carbonate preservation are best reflected by the record of changing percent whole foraminifers.
To more fully understand variations in carbonate content and preservation, we generated the time series of percent whole foraminifers and percent calcium carbonate and plotted these beside the time series of oxygen isotope variations (Fig. 7) . Examination of these time series indicates that (1) poorly preserved sediments are found during both glacial and interglacial intervals; however, glacial maxima (δ 18 O maxima) generally exhibit poorest preservation as indicated by lows in percent whole foraminifers (around 30%); (2) all but one peak in carbonate abundance (values >50%) occur during or just after rapid glacial/interglacial transitions; (3) intervals of good preservation last around 40 k.y. and are separated by what seem to be abrupt shorter intervals of poorer preservation; and (4) cyclic carbonate fluc- tuations seem to be occurring roughly every 40 k.y. (12 asymmetrical but distinct carbonate cycles can be identified over the 500 k.y. time interval).
In summary, analysis of carbonate abundance and preservation at Site 927 from 23 to 43 mcd (500−1000 ka) indicates that sediments exhibit systematic cyclic changes in preservation and carbonate content and that the downcore variations in preservation indicators are not as highly correlated as they are in tropical Atlantic and Ceara Rise modern sediments. Changes in preservation are best reflected by downcore changes in percent whole foraminifers, while both percent carbonate and percent RSP records exhibit variability that is not related in a simple way to changes in preservation. Many downcore percent whole foraminifer values fall below values typical of wellpreserved modern sediments found above the foraminiferal lysocline in the present-day tropical Atlantic Ocean and identify intervals that have likely been affected to some degree by differential dissolution.
Planktonic Foraminifer Faunas
Before analyzing the downcore variations in species relative abundances, we compared the average faunal composition in the 23− 43 mcd interval of Site 927 (Table 1) with the average faunal composition of Holocene surface sediments in the modern tropical Atlantic Ocean presented in Cullen and Prell (1984) . The same six species are most abundant in both data sets (see Table 1 ) and make up 77% of the average faunal composition in Site 927 and 76% of the present-day tropical Atlantic, respectively (both data sets contain about the same proportion of samples with percent RSP values >30%).
Examination of Table 1 and Figure 2 reveals that significant downcore variations in foraminifer species relative abundances have occurred at Site 927 over the interval investigated. Fourteen of the 16 most abundant species exhibit ranges at or significantly above 10%.
We closely examined the downcore variability of those 14 plus three other species (Fig. 2) . In addition, we generated time series for eight of the most important species and compared each to time series of δ 18 O variations (Fig. 8 ). Important observations are briefly summarized below.
1. The four most abundant species (Globigerinoides ruber, G. sacculifer, Globigerinita glutinata, and Neogloboquadrina dutertrei; Figs. 2A, 8A) show systematic high-frequency fluctuations with amplitudes predominately in the 10%−20% range. Abrupt larger amplitude abundance changes occur on the transitions between glacials and interglacials. Abundance maxima for G. sacculifer and N. dutertrei, and to a lesser extent G. glutinata, seem to occur during glacial maxima. G. ruber is distinctly more abundant during interglacial Stage 21 (around 800−900 ka) and tends to occur at higher average abundances below this interval as well. In contrast, N. dutertrei is distinctly less abundant below 36 mcd in sediments older than 800 ka. For G. sacculifer, the smaller scale fluctuations discussed above seem to be superimposed on a longer term trend in relative abundance (Figs. 2A,  8B ). There is a distinct minimum in this long-term trend at around 750 ka with gradual increases in average relative abundance in the section above and below this interval. This long-term pattern is very similar to the pattern of δ 13 C variation in G. sacculifer over the same time interval (Fig. 9) . Low G. sacculifer relative abundances seem to correlate with low δ 13 C values.
2. A number of important species, namely Globorotalia menardii, Pulleniatina obliquiloculata, Globigerina rubescens, (Figs. 2B, 8B ), and to a lesser extent Globorotalia truncatulinoides (left coiling) and Globorotalia tumida (Figs. 2C, 8C ), occur in trace amounts or virtually disappear over long intervals between 23 and 43 mcd at Site 927 and form a significant part of the fluctuating foraminifer faunas between these intervals. The A. . Depth distribution of percent whole foraminifers, percent calcium carbonate, and percent resistant species (RSP) from 14 modern surface sediment samples from the Ceara Rise (see Fig. 1 for sampling locations) . ments younger than 630 ka and in sediment between 830 and 790 ka and in sediment between 1000 and 930 ka. Note the G. menardii complex remains a significant part of the foraminifer fauna over several glacial/interglacial cycles between 930 and 830 ka and between 790 and 630 ka. P. obliquiloculata (Figs. 2B, 8B ) abruptly disappears just after reaching its maximum abundances at 750 ka (the isotope Stage 19/18 transition), reappears for a short time in low abundances between 710 and 690 ka, and then reappears and remains in appreciable amounts around 630 ka. The presence/absence behavior of both the G. menardii complex and P. obliquiloculata in Pleistocene sediments from the tropical Atlantic is expected and has been well documented in many previous studies (e.g., Ericson and Wollin, 1956, 1968; Prell and Damuth, 1978) . G. rubescens (Figs. 2B, 8B ) exhibits high frequency, high amplitude abundance fluctuations in sediment older than 690 ka and abruptly drops off to trace abundances in the section younger than this age. Finally, G. truncatulinoides (left coiling; Figs. 2D, 8C) is absent or rare in sediment between the ages of 930 and 670 ka. In sediments older and younger than this interval, this species exhibits a series of abrupt increases (to >10%) and decreases in relatives abundances.
3. N. pachyderma (right coiling; Figs. 2B, 8B) exhibits two significant peaks in relative abundance (>20%) during isotope Stage 20 (around 800 ka) and during the transition from isotope Stage 15 to 14 (around 540 ka); otherwise, its abundance generally remains below 5%. These peaks correspond to peaks in the relative abundance of N. dutertrei (see N. dutertrei plot, Fig. 8A ).
4. Globigerinoides tenellus is only abundant between 670 and 570 ka, especially during the late part of isotope Stage 18 (Fig. 8C) .
5. The less abundant species shown in Figures 2C and 2D (Globigerina falconensis, Globigerinella aequilateralis, G. truncatulinoides (right coiling), Globigerina bulloides, Globigerinoides conglobatus, and Globorotalia crassaformis) exhibit small amplitude, short-term fluctuations. Despite their generally low abundances, both G. falconensis and G. aequilateralis exhibit distinct intervals of generally higher relative abundances between 26 and 32 mcd (isotope Stages 18-15) for G. aequilateralis and between 28 and 34 mcd (isotope Stages 19-17) and 37 and 40 mcd (isotope Stages 25-22) for G. falconensis.
6. Downcore interrelationships among abundant species are not simple, and little systematic covariation exists among species. Abundance maxima and minima for any two species do not consistently correspond along the entire section, nor is there any consistent offset between the maxima and minima of species. Species abruptly increase and decrease in relative abundance at distinctly different intervals. Of the important species, only one species pair (N. dutertrei-N. pachyderma [right coiling]; r = +0.65) exhibits patterns of downcore variation that produce linear correlation coefficients above +0.3. Decoupled species fluctuations downcore indicate that relative abundance patterns exhibit statistical independence. Faunas are of sufficient diversity so that matrix closure does not produce artificially high negative correlations between abundant species. In fact, only two species pairs (N. dutertrei-G. glutinata, r = −0.49, and G. glutinata-P. obliquiloculata, r = −0.40) exhibit patterns of downcore variation with negative correlation coefficients better than −0.25.
We have attempted to assess the degree that differential dissolution is influencing downcore variations in species relative abundances by comparing patterns of species variability to variations in the preservation indicators presented and discussed in the last section. Table 3 summarizes the degree of intercorrelation between changes in preservation using percent whole foraminifers and changes in the relative abundances of 13 species. There is a significant lack of correlation between percent whole foraminifers and the relative abundances of these species, which account for 90% of the average faunal composition. G. glutinata and G. tenellus, two dissolution susceptibility species (Cullen and Prell, 1984) and N. dutertrei and P. obliquiloculata, two dissolution resistant species (Cullen and Prell, 1984) are the only species that exhibit patterns of variation that are even somewhat correlated to changes in preservation. Thus, changes in foraminifer faunas from 23 to 43 mcd at Site 927 do not seem to be appreciably controlled by differential dissolution and changes in preservation.
In summary, planktonic foraminifer faunas exhibit noteworthy variability between 23 and 43 mcd at Site 927. Downcore patterns of variation for the important species are not highly correlated with each other, nor do they seem to be related in a simple manner to the glacial/ interglacial cycles defined by the chronology of stable isotope variations. In addition, downcore patterns of species variation do not seem to be significantly influenced by changes in carbonate preservation. Planktonic foraminifer faunas are not responding in a significant manner to modifications produced by differential dissolution. We conclude that the observed changes in planktonic foraminifer faunas at Site 927 are in response to changing environmental conditions in the surface waters above the site.
We chose to analyze Site 927 faunal data further by comparing downcore faunas to present-day faunas by means of the Modern Analog Technique (MAT). This technique has been used in the study of Quaternary palynology (e.g., Prentice, 1980; Overpeck et al., 1985) and was first applied to planktonic foraminifer data by Hutson (1979) and more recently by Prell (1985) , Cullen and Droxler (1990) , Howard and Prell (1992) , Cullen et al. (1994) , and Curry and Oppo (1997) .
The MAT directly compares the faunal composition of a downcore sample with a set of modern surface sediment samples; in this study 1197 core-top samples from our new Global Data Base. Percentage data for 40 planktonic foraminifer taxonomic categories have been compiled in one laboratory using a slightly modified and very consistent, standardized taxonomy (Cullen and Martin, unpubl. data) . Samples analyzed in a number of previous studies (e.g., Kipp [1976] and CLIMAP [1981] from the Atlantic; Hutson and Prell [1980] and Cullen and Prell [1984] from the Indian Ocean; Parker and Berger, 1971; Thompson [1976 Thompson [ , 1981 and Coulbourn et al. [1980] from the Pacific), along with additional new samples, have been "repicked" (and in some cases resampled) by the taxonomic experts at Brown University using our standardized taxonomy.
We used the squared chord distance to calculate the dissimilarity between each sample at Site 927 and all samples in the new Global Data Base of modern core-top samples. Dissimilarity values can range from 0 (identical) to 2.0 (most dissimilar). We then identified the 10 most similar modern samples for each downcore sample and calculated the mean of the dissimilarity coefficients for each individual set of 10 modern analogs. Only 24 of the 200 Site 927 samples did not have 10 modern analogs with dissimilarity coefficients of less than 0.25. The mean dissimilarity coefficient for the 10 best modern analogs for each downcore sample is plotted in Figure 10A and statistically summarized in Table 4 . Note that the highest mean dissimilarities occur between 25 and 26 mcd and just below 35 mcd. These intervals correspond to the transitions between isotope Stages 15 and 14 and isotope Stages 21 and 20, respectively. Samples with the poorest modern analogs seem to contain abundant amounts of N. pachyderma (right coiling) and N. dutertrei. Both species exhibit systematic increases in abundance with increasing mean dissimilarity, with r = +0.57 for N. pachyderma [right coiling] and r = +0.63 for N. dutertrei. Samples with the best set of modern analogs are rich in G. ruber, which exhibits systematic decreases in abundance with decreasing mean dissimilarity (r = −0.65).
We used the MAT to compare downcore foraminifer faunas with modern Ceara Rise foraminifer faunas. We analyzed the faunal composition of 14 Ceara Rise surface sediment samples (locations shown in Fig. 1 ). We then calculated the mean dissimilarity of the 10 most similar Ceara Rise core-top samples for each downcore Site 927 sample. Downcore intervals with low mean dissimilarities have faunal compositions similar to faunas inhabiting the surface waters above the present-day Ceara Rise. Results are plotted vs. time along with the δ 18 O chronology in Figure 11 . The low mean dissimilarities during much of isotope Stage 21 (870−820 ka), and to a lesser extent during isotope Stages 19 and 17 (around 770 and 690 ka, respectively) suggest that surface water conditions during these intervals were much like the surface waters above the present-day Ceara Rise. The higher mean dissimilarities within the remainder of the section (compare with Fig. 10A ) indicate that faunal compositions were significantly different during these times. These differences indicate that surface water conditions above the Ceara Rise differed from presentday conditions for significant intervals between 1000 and 500 ka.
SST Variations Above Site 927
The previous discussion suggests that downcore changes in planktonic foraminifer faunas are in response to changes in the environmental conditions of surface waters during the 1000 to 500 ka time interval represented by Site 927 sediments found between 23 and 43 mcd. The surface water conditions above the subset of 10 best modern analogs for each Site 927 sample can be used to predict the surface water conditions above the site location at the time each sampled sediment interval was deposited.
For our new Global Data Base, we have compiled average February and August SSTs above each of the faunally analyzed core-top samples using the Global Ocean Surface Temperature Atlas (GOS-TA; Bottomley et al., 1990) , which is based on ship observations from 1951 to 1980. These monthly average SSTs have been used to convert the SSTs into a data set of warm-season and cold-season SSTs. These data are used to estimate changes in SST above Site 927.
Cold and warm SSTs were calculated for each Site 927 downcore sample by averaging the set of cold and warm SSTs above the 10 best analogs identified from the new Global Data Base of modern seabed samples. Time series of the SST estimates, along with the stable isotope chronology, are presented in Figure 12 and are statistically summarized in Table 4 . In general, sediment samples with the best analogs (lowest mean dissimilarity coefficients) produce SST estimates with the lowest standard deviations (compare downcore plots of standard deviations with plot of mean dissimilarity; Fig. 10 ). The standard deviations for both warm and cold SST estimates exhibit a systematic increase with increasing mean dissimilarity (r = +0.36 and +0.41 for warm and cold standard deviations, respectively; Fig. 10 ).
Warm SST estimates fluctuate around a mean of 27.6°C, just slightly below present-day observed warm SSTs (28.0°C). Temperatures are more stable before 800 ka (around isotope Stage 20) where the amplitude of temperature variation is generally less than 1°C. After 800 ka there is a distinct increase in the amplitude of warm SST variability to near 20°C. Highest warm SST estimates occur during interglacial Stages 19, 17, and 15. Cold SST estimates exhibit greater amplitude variability (between 2° and 4°C) than warm SST estimates with a mean of 25.1°C, which is a full 2°C colder than modern cold SSTs above the Ceara Rise. In fact, only for six very brief time intervals do estimates of cold SST approach 27°C. Thus, cold SSTs above the Ceara Rise remain below modern levels for the bulk of time between 500 and 1000 ka. Not surprisingly, two of the three coldest intervals correspond to peaks in the relative abundance of N. pachyderma (right coiling) during glacial Stages 20 and 14. Highest cold SST A comparison of downcore estimated SST patterns with downcore relative abundance variations of important foraminifer species reveals no obvious correspondence among patterns (except for N. pachyderma [right coiling], see above). None of the 12 most important species patterns are highly correlated to estimated SST patterns, particularly for warm SSTs. Only two species, G. glutinata and G. menardii, exhibit even slight linear correlation to estimated warm SSTs (r = +0.33 and −0.30 for these two species, respectively). N. pachyderma (right coiling), N. dutertrei, and G. falconensis exhibit slight negative correlation to estimated cold SSTs (Table 3 ). These observations suggest that downcore faunal changes are likely in response to ecologically important near surface water environmental conditions other than SST. A similar conclusion was reached while studying a 600 k.y. record from the tropical Indian Ocean (Cullen and Droxler, 1990) .
DISCUSSION
In previous sections, we have attempted to demonstrate that, even though the various indicators of carbonate preservation examined do exhibit changes downcore and, to some extent, must be recording changes in preservation and in the relative amounts of carbonate dissolution, differential dissolution does not seem to significantly control changing relative abundance patterns for the important planktonic foraminifer species identified in Site 927 sediments. Our analysis suggests that planktonic foraminifer variability is predominately controlled by changing conditions in the surface waters above the Ceara Rise. In addition, we have estimated past changes in SST using the Modern Analog approach. Comparison of downcore changes in esti- mated warm and cold SSTs with the well-documented changes in the abundances of major foraminifer species suggests that changes in surface water conditions other than SST are controlling patterns of foraminifer variability in the western tropical Atlantic. This conclusion is supported by the observed lack of correlation between downcore estimated SSTs and patterns of species variability and by the additional fact that variations in estimated downcore SSTs are not large over the same Site 927 depth interval that exhibits a significant amount of planktonic foraminifer species variability. The planktonic foraminifer faunal data from 23 to 43 mcd at Site 927 exhibits significant changes in response to changing environmental conditions in the surface waters, which are not likely reflected by changes in SSTs above the Ceara Rise. In their studies of planktonic foraminifer faunas from surface sediments in the tropical Atlantic Ocean, Ravelo et al. (1990) and Ravelo and Fairbanks (1992) have related spatial variations in faunas to changes in the hydrographic conditions of the overlying surface water layer. They found that tropical Atlantic faunal factor assemblages (calculated using Q-mode factor analysis) are not as highly correlated to cold and warm SSTs as they are to other aspects of the ocean surface layer like depth of the mixed layer, thermocline depth and seasonality, and surface seasonality. For example, one factor assemblage, dominated by G. ruber, G. glutinata, and to a lesser extent G. sacculifer (species known to calcify in the mixed layer; Ravelo and Fairbanks, 1992) , correlates well to mixed layer depth, dominating regions in the tropical Atlantic where the mixed layer is deep all year (western regions including Ceara Rise area). Another factor assemblage dominated by G. menardii, N. dutertrei, P. obliquiloculata, and G. tumida , which are found in greatest abundances within narrow depth ranges in the thermocline where the chlorophyll maximum is located (and thus, primary production is at a maximum; Fairbanks et al., , 1982 Ortner et al., 1980) , seems to be most abundant in regions where surface temperature seasonality is low and the thermocline moves into the photic zone (eastern tropical Atlantic between 0° and 15°N; Ravelo et al., 1990) .
The results presented in Ravelo et al. (1990) suggest that downcore variations in the G. ruber, G. sacculifer, and G. glutinata species sum and the N. dutertrei, P. obliquiloculata, G, menardii, and G. tumida species sum in Site 927 may reveal information on changing hydrographic conditions above the Ceara Rise. The increase in the sum of the "thermocline" species relative to the "mixed layer" species may be a simple way to indicate times when the mixed layer is shallow and the thermocline remains in the photic zone for significant intervals during the annual cycle. The species sum plots are presented in Figure 13 . The two species sum plots exhibit strong negative correlation (r = −0.81). Both plots exhibit cyclic variation on glacial/interglacial time scales with the sum of the "mixed layer" species dominating interglacial intervals and the observed maxima in the sum of the "thermocline" species occurring during glacial intervals (Fig. 13) . This suggests that, from 1000 to 500 ka, the surface layer hydrography above the Ceara Rise during glacial times may have been more similar to present-day conditions observed farther to the east in the tropical Atlantic. Such changes could have important implications regarding surface water circulation patterns in the tropical Atlantic.
The interpretations we have presented above are considered preliminary in nature and will be further investigated in future work upon the completion of the Site 927 faunal record for the past 1 m.y. Two additional observations substantiate the preliminary nature of our above interpretations.
1. The calculated faunal assemblages from tropical Atlantic surface sediments by Ravelo et al. (1990) tions between modern and Last Glacial Maximum sediments from the tropical Atlantic. 2. The two species sums we plotted downcore (Fig. 12) have much higher correlations to changes in preservation as expressed by percent whole foraminifers than any of the individual species (r = +0.45 between the "mixed layer" species sum and percent whole foraminifers, and r = −0.57 between the "thermocline" species sum and percent whole foraminifers). Therefore, some of the observed downcore changes may be artifacts of preservation and not totally related to hydrographic changes in the surface water layer above the Ceara Rise.
In summary, much of the observed species variability between 1000 and 500 ka in Site 927 may be related to changes in the mixed layer depth and the amount of time the thermocline is in the photic zone during the annual cycle. Our preliminary interpretations suggest that during glacial intervals, hydrographic conditions were more similar to present-day conditions observed toward the eastern parts of the tropical Atlantic, whereas during interglacial intervals, the mixed layer remained thick and the thermocline was well below the photic zone. However, these interpretations cannot fully explain the previously discussed numerous large-scale and abrupt downcore changes in relative abundances observed by many species (see Figs. 2B, 2C, 8B, 8C).
SUMMARY AND CONCLUSIONS
The work presented here represents our initial results at documenting and interpreting patterns of variability in planktonic foraminifer species relative abundances at Site 927, a shallow water (3315 m) Leg 154 site from the Ceara Rise in the western tropical Atlantic within the middle Pleistocene (1000−500 ka). Species patterns were examined and interpreted within the context of changing states of carbonate preservation in order to evaluate the extent that changing foraminifer faunas are reflecting variations in surface water conditions within an area that is now a warm pool of nutrient-depleted surface water above a deep mixed layer. Changes in sea-surface temper- ature (cold and warm season) were estimated from foraminifer faunas using the Modern Analog Technique and a new Global Data Base of faunally analyzed surface sediment samples. Changing faunas were further interpreted on a preliminary basis in terms of changing hydrographic conditions in the surface water layer above the Ceara Rise. Our initial results are summarized below.
1. Site 927 sediments exhibit systematic cyclic changes in preservation and carbonate content. Downcore variations in preservation indicators are not as highly correlated as they are in tropical Atlantic surface and Ceara Rise modern sediments. Downcore changes in preservation are best reflected by changes in percent whole foraminifers. Downcore records of both percent carbonate and percent resistant species (RSP) exhibit variability that is not related in a simple way to changes in preservation.
2. Many downcore percent whole foraminifer values in Site 927 fall below values typical of well-preserved modern sediments found above the foraminiferal lysocline in the present-day tropical Atlantic Ocean and identify intervals that have likely been affected to some extent by differential dissolution.
3. The same six species that dominate tropical Atlantic surface modern sediments dominate foraminifer faunas found between 23 and 43 mcd at Site 927 (Table 1) .
4. The four most abundant species (G. ruber, G. sacculifer, G. glutinata, and N. dutertrei) show systematic high frequency fluctuations with amplitudes predominately in the 10%−20% range. A number of other important species (G. menardii, P. obliquiloculata, G. rubescens, G. tumida, G. truncatulinoides [left coiling] , and G. tenellus) exhibit abrupt, relatively high amplitude increases and decreases in relative abundances superimposed upon higher frequency and lower amplitude variability. For G. sacculifer, higher frequency changes seem to be superimposed upon a longer term trend that is positively correlated with changes in its δ 13 C content. Finally, N. pachyderma (right coiling) exhibits two abrupt and significant increases in relative abundance during isotope Stage 20 and during the transition from isotope Stage 15 to 14.
5. Downcore interrelationships among abundant species are not simple. There is little apparent linear covariation among species.
6. There is a significant lack of correlation between changes in preservation (as expressed by changes in percent whole foraminifers) and changes in the relative abundances of the 13 most important downcore species. Thus, changes in foraminifer faunas in the studied interval at Site 927 do not seem to be appreciably modified by differential dissolution.
7. The Modern Analog technique was used to directly compare downcore foraminifer faunas with present-day faunas. Only 24 of the downcore samples did not have 10 modern analogs with dissimilarities of less than 0.25. Downcore samples with the poorest modern analogs had high abundances of N. pachyderma (right coiling) and N. dutertrei. Samples with the best set of modern analogs are rich in G. ruber. Downcore samples were directly compared with present-day Ceara Rise foraminifer faunas using the MAT. High mean dissimilarities downcore indicate that surface water conditions above the Ceara Rise differed from present-day conditions for significant intervals between 1000 and 500 ka.
8. Reasonably reliable estimates of cold and warm SST were calculated using the Modern Analog approach. Warm SST estimates vary little, except for a few isolated excursions; the amplitude of warm SST variations is somewhat greater after 800 ka. Cold SST estimates show more variability and, for the most part, remain below present-day values (27.0°C) for most of the time interval studied.
9. Observed downcore faunal variability is considerably greater than would be expected from examination of the SST estimates. There is a distinct lack of correlation between species abundances and SST estimates suggesting that species are responding to surface water conditions other than SST. Present-day faunal relationships in the tropical Atlantic have been related to changes in the hydrography of the surface water layer, namely the depth of the mixed layer, the extent to which the thermocline is in the photic zone during the annual cycle, and SST seasonality (Ravelo et al., 1990) .
10. At Site 927, species that are most abundant in present-day sediments below areas where the mixed layer is thick (G. ruber, G. glutinata, and G. sacculifer; Ravelo et al., 1990 ) dominate interglacial intervals. " Thermocline" species (N. dutertrei, P. obliquiloculata, G. menardii, and G. tumida; Ravelo et al., 1990 ) that are more abundant in sediments below areas where the thermocline spends considerable time in the photic zone during the annual cycle and SSTs don't vary much are much more abundant during glacial intervals between 1000 and 500 ka in Site 927 sediments. Therefore, during these glacial intervals the surface water layer above the Ceara Rise is more similar to conditions toward the eastern part of the present-day tropical Atlantic (shallower mixed layer, for example) and suggests that tropical Atlantic patterns of surface circulation were different.
